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Abstract

Children and adults with sickle cell disease (SCD) are at risk for neuropsychological deficits; 

however, the neurocognitive functioning of adults with SCD and related comorbidities has not 

been widely reported in the literature. We examined specific cognitive domains in symptomatic 

adults with SCD and compared them with their unaffected siblings. We also examined 

relationships between cognitive scores, patient-reported outcomes (PROs), and medical/laboratory 

values. Thirty patient-sibling pairs (M patient age = 32.5 years, M sibling age = 32.1 years) 

completed evaluations as part of a medical clinical trial (NCT00061568). All patient and 

sibling neurocognitive test scores were within normal limits. Patients scored significantly lower 

(M=91.0±11.3) than their siblings (M=100.6±12.3; t=−3.5, p<.01) on the Wechsler Processing 

Speed Index. They also indicated more problems than siblings on an executive functioning 

questionnaire, although these differences were nonsignificant after accounting for depressive 

symptoms. Higher fetal hemoglobin and lower creatinine correlated with better scores on 

particular cognitive and PRO measures. In summary, our sample of adults with symptomatic 

SCD demonstrated worse processing speed and experience more executive challenges than their 

siblings, despite treatment with hydroxyurea. These relative weakness likely relate to disease 

processes but the specific physiological mechanism is unclear.
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Individuals with sickle cell disease (SCD) are at risk for neuropsychological deficits, often 

related to the occurrence of ischemic injury (Kral, Brown, & Hynd, 2001; Strouse, 2016). 

Impairments in global cognitive functioning have been found among children with overt 

cerebrovascular accidents as well as those with silent infarcts (Gold, Johnson, Treadwell, 

Hans, & Vichinsky, 2008; Nunes, Argollo, Mota, Vieira, & Sena, 2017; Schatz, Finke, 

Kellett, & Kramer, 2002). Some evidence suggests that even children with SCD with no 

known history of infarcts (i.e., no visible brain abnormalities on MRI scans) perform worse 

on cognitive measures compared to healthy children (Schatz et al., 2002; Steen et al., 2005). 

In addition, hemoglobin oxygen saturation levels (King et al., 2014) and hematocrit (Steen et 

al., 2003) are among the biological factors linked to global cognitive scores in children with 

SCD. Importantly, measures of specific abilities, such as attention and processing speed, 

are likely more informative about cognitive functions in SCD than global IQ scores (Brown 

et al., 2000; Schatz et al., 2002) since they appear more sensitive to the effects of CNS 

pathology that may be present.

The long-term consequences of such deficits in childhood are likely to impact adult 

functioning, although neurocognitive outcomes in adults with SCD have not been widely 

reported in the literature to date. In one published study on this topic, Mackin and colleagues 

with the Neuropsychological Dysfunction and Neuroimaging Adult Sickle Cell Anemia 

Study Group reported lower functioning in adults with neurologically asymptomatic sickle 

cell anemia (SCA) compared with healthy control participants (2014). Decrements were 

in domains of visual-spatial skills, processing speed, and working memory, and were 

associated with structural changes in the brain, including reduced volume in the basal 

ganglia and thalamus. These types of neurocognitive deficits can lead to poorer quality of 

life (Sanger et al., 2016), as evidenced by individuals with SCD having lower educational 

and financial attainment as well as a higher likelihood of unemployment compared to 

individuals without SCD (Laurence, George, & Woods, 2006).

One other published study by the aforementioned group comprehensively investigated the 

neurocognitive functioning of neurologically asymptomatic adults with SCA. Vichinsky et 

al compared the functioning of 149 asymptomatic adults with SCA to a sample of healthy 

unrelated controls using a comprehensive IQ test and several other neurocognitive measures 

(2010). Exclusion criteria included a history of stroke or other abnormal neurological 

impairment, depression, and chronic disorders such as hypertension, liver, lung, or renal 

disease. Results revealed that the adults with SCA performed significantly lower than the 

control participants in various domains, including nonverbal reasoning, working memory, 

executive functioning and processing speed. Scores were generally at the low end of average 

or just slightly below the Average range. Neuroimaging variables did not account for the 

differences between the groups.
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While the study by Vichinsky and colleagues (2010) provides a comprehensive picture of 

neurocognitive functioning among asymptomatic adults with SCA, no published studies to 

our knowledge have focused on the functioning of symptomatic adults with SCD. Given the 

cognitive deficits and the prevalence of significant health problems seen in this population, 

further research is needed to understand the neurocognitive functioning of SCD patients who 

are actively symptomatic. Our primary aims were to examine specific cognitive domains in 

symptomatic adults with SCD, and to compare the cognitive functioning of these patients 

with their unaffected siblings. Based on the results of the Mackin et al. (2014) and Vichinsky 

et al. (2010) studies, we hypothesized that patients would score lower than their unaffected 

siblings on measures of nonverbal reasoning, processing speed, working memory, and 

executive functioning. A secondary aim was to examine relationships between cognitive 

scores, medical diagnoses, and laboratory values.

Methods

Eligibility criteria

All patients ages 18 and older who enrolled on a larger medical protocol (described below) 

were eligible to participate in this neuropsychological substudy. To meet criteria for the 

medical protocol, patients had to be at high risk for disease-related morbidity or mortality, 

defined by the presence of irreversible organ damage (e.g., stroke, renal insufficiency, 

vaso-occlusive crises, etc.) or potentially reversible complications not ameliorated by 

hydroxyurea. Psychotic symptoms, extreme behavioral difficulties, and/or severe cognitive 

impairment (i.e., IQ estimated to be below 70) were exclusion criteria for this substudy.

Participants

Participants included individuals with sickle cell anemia who had a human leukocyte 

antigen-matched family member and were prospectively enrolled on a transplant protocol 

at the National Heart, Lung, and Blood Institute at the National Institutes of Health. 

Patients on the medical protocol were scheduled to receive a stem cell transplant from 

their sibling donor. Neurocognitive testing was completed prior to patients starting the 

pre-transplant conditioning regimen and prior to siblings donating their cells. No patients 

declined to participate in this neuropsychological substudy. All sibling donors agreed to 

participate, except for one individual who did not want to complete the assessment due to 

time constraints; data from this patient-donor pair were not included in the current analyses. 

No potential patients or siblings met exclusion criteria.

Measures

Nonverbal Skills—The Performance IQ (PIQ) of the Wechsler Abbreviated Scale of 

Intelligence (WASI; Wechsler, 1999) was administered as a brief measure of nonverbal 

abilities. The WASI PIQ is comprised of two subtests: Block Design and Matrix Reasoning. 

The PIQ composite score was examined in this study. Wechsler IQ scores are compared to a 

mean of 100 and standard deviation of 15.

Processing speed—The Processing Speed subtests of the Wechsler Adult Intelligence 

Scale – Fourth Edition (WAIS-IV; Wechsler, 2008) were administered to assess speed of 
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mental processing. The Coding and Symbol Search subtests both are timed, pencil and paper 

measures; the scaled scores are combined to yield a composite Processing Speed Index (PSI) 

that was included in analyses for this study (mean = 100, SD = 15).

Working memory—Digit Span is a multi-part subtest of the WAIS-IV. On the Digits 

Backward task examined for this study, participants are asked to repeat increasingly long 

sequences of numbers in reverse order as a measure of working memory. Scaled scores are 

obtained and compared to a mean of 10 and standard deviation of 3.

Executive functioning—The Trailmaking subtest from the Delis-Kaplan Executive 

Function System (DKEFS; Delis, Kaplan, & Kramer, 2001) was administered to assess 

executive skills. The score on the Number Letter Switching task was analyzed for this 

study. This score represents cognitive flexibility, or one’s ability to shift between mental 

sets, which is a core component of executive functioning. Validity of the DKEFS is well­

established (Jefferson, Poppas, Paul, & Cohen, 2007).

Patient reported outcomes (PROs)—A PRO measuring executive skills in the home 

environment, the Behavior Rating Inventory of Executive Function – Adult (BRIEF-A), was 

administered (Roth, Isquith, & Gioia, 2005). On this 86-item questionnaire, examinees rate 

how true the statements are (Never, Sometimes, Almost Always) in the past six months. Raw 

scores are converted to T-scores (mean = 50, SD = 10). Responses yield T-scores on nine 

subscales (Inhibit, Shift, Emotional Control, Self-Monitor, Initiate, Working Memory, Plan/

Organize, Task Monitor, and Organization of Materials) and three global indices (Behavioral 

Regulation Index, Metacognition Index, and Global Executive Composite). The BRIEF-A 

has been validated in numerous populations, including adults with chronic illness (Baker, 

Gibson, Georgiou-Karistianis, Roth, & Giummarra, 2016; Pham et al., 2015).

The Brief Symptom Inventory-18 (BSI-18; Derogatis, 2000) is an 18-item PRO measuring 

somatization, depression and anxiety. While emotional functioning is not a focus of this 

study, the BSI-18 Somatization and Depression subscales were covaried in analyses of 

patient-sibling differences. Raw scores for this measure are converted to T-scores based on 

community norms. Use of the BSI-18 has been supported across multiple populations and 

ethnicities (Petkus et al., 2010; Wiesner et al., 2010).

The McGill Pain Visual Analogue Scale (VAS) item of the Short-Form McGill Pain 

Questionnaire (Melzack, 1987) is a PRO assessing pain intensity. The VAS is a horizontal 

line (100 mm) anchored by two descriptors for each extreme (e.g., no pain, worst possible 

pain). Respondents rate their pain intensity within the past week by marking a slash on the 

line, and their score is the number of mm between 0 and their mark. Higher scores represent 

more severe pain. The McGill Pain VAS is widely used and is considered a reliable and valid 

measure of pain (Chapman et al., 2011; Scrimshaw & Maher, 2001).

Medical and laboratory values—We documented medical complications that may 

relate to cognitive outcomes, including history of stroke (overt and silent) and transient 

ischemic attack (TIA). A history of other sickle cell-related complications was also noted for 

descriptive purposes. Obtained laboratory values included in analyses were hemoglobin and 
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fetal hemoglobin, alkaline phosphatase, and creatinine. We report on additional laboratory 

values descriptively, including aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), and lactic acid dehydrogenase (LDH).

Procedures

Approval was obtained for the larger medical study, which included this neurocognitive 

substudy, from the Institutional Review Board of the National Heart, Lung, and Blood 

Institute (NCT00061568). Patients came to the NIH for this transplant study from all over 

the United States as well as from several African countries. Neurocognitive assessments for 

the patients and siblings typically lasted about 3 hours. Individuals were not tested when 

they were febrile. Breaks were given as needed.

Medical and laboratory data were obtained through electronic medical record review. 

Laboratory values were taken from the date closest to the neuropsychological evaluation; 

this was often on the same day and no more than one week out from testing.

Statistical analysis

To examine the primary objective of assessing specific neurocognitive domains among 

symptomatic adults with SCA, we calculated descriptive statistics on cognitive and medical 

variables. Variables that were not normally distributed (i.e., Performance IQ, Digits 

Backward, Trails Switching, and all laboratory values except hemoglobin) were subjected to 

a log transformation. Paired t-tests were computed to compare mean scores between patients 

and siblings on laboratory values as well as cognitive and PRO variables. For significant 

patient-sibling differences in cognitive scores, an analysis of covariance (ANCOVA) was 

conducted to control for the effects of somatic symptoms, using BSI Somatization subscale 

scores. Given results of correlational analyses, two ANCOVAs were conducted to examine 

patient-sibling differences on the BRIEF-A composite scores (Behavioral Regulation Index 

and Metacognitive Index) while holding constant the effects of depressive symptoms using 

the BSI Depression subscale scores. (Only these two composite scores, rather than all 

of the subscales, were examined in order to reduce experimentwise error). To assess the 

relationships between cognitive scores, PRO scores, and laboratory variables among patients 

only (not siblings), we performed Pearson r correlations while partialing out the variance 

from years of education. Analyses were conducted using SPSS Statistical Software version 

1.0.0.1058.

Results

Demographic variables in patients and siblings

Thirty patient-sibling pairs completed the evaluations for this study. Patients and siblings 

were similar in terms of age (patient M age = 32.5 ± 7.5 years; sibling M age = 32.1 ± 8.3 

years) and years of education (patient M = 15.8 ± 2.4; sibling M = 16.0 ± 2.5; ps > .05). 

Gender distribution also was comparable across patients and siblings; 23% of patients were 

male, compared to 27% in the sibling group (X2 = .6, p > .05). Forty-seven percent of the 

patients were African (i.e., born and raised in Africa) and 53% were African-American.
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Medical variables in patients

As shown in Table 1, most of the patients had a history of one or more sickle cell-related 

complications. Eight of the 30 patients had a history of either an overt (n = 2) and/or silent 

(n = 7) stroke, and one of these eight patients had both an overt and silent stroke. Other 

diagnoses that were documented somewhat frequently were avascular necrosis (41%) and 

sickle liver disease (36%). Ninety-three percent had been treated with hydroxyurea. All but 

one patient (96%) had undergone at least one blood transfusion in the past, and slightly less 

than half (43%) of the patients had experienced iron overload; 31% had been on chelation 

therapy. Seventy-seven percent had an active prescription for an opioid medication at the 

time of the baseline evaluation. Twenty percent had a psychiatric diagnosis (10% depression, 

3% anxiety, 7% both depression and anxiety).

Several of the mean lab values of patients were abnormal, as would be expected in SCD. 

Also as expected, all lab values were significantly different between patients and their 

siblings, with the exception of ALT (Table 2).

Cognitive test scores of patients and siblings

Cognitive test results for the patients and sibling donors are shown in Table 3. Mean scores 

on all cognitive measures were in the Average range. Among patients, age was unrelated 

to any of the cognitive test scores or PRO scores. More years of education were related to 

higher scores on the DKEFS Trails Switching test (r = .42, p < .05). Patients who were 

African-American did not score significantly different than African patients on any of the 

measures. A comparison of patients with (n = 8) versus without (n = 22) a history of either 

an overt or silent stroke revealed no significant differences on any of the cognitive tests or 

PRO measures (ps > .05).

In comparing the cognitive test scores between patients and their siblings, only one 

significant difference emerged. Patients scored lower (M = 91.0, SD = 11.3) than their 

sibling donors (M = 100.6, SD = 12.3; t = −3.5, p < .01) on the Processing Speed Index 

(PSI). This difference remained significant after controlling for the effects of physical 

symptoms by covarying out BSI Somatization scores (F [2,59] = 4.63, p < .05).

Regarding PRO measures, all BRIEF-A scores were within normal limits for both patients 

and siblings (see Table 4), indicating intact executive functioning. However, patients scored 

significantly higher than their sibling donors (indicating more symptoms) on subscales 

assessing their ability to inhibit impulses (Inhibit), initiate new tasks (Initiate), remember 

newly presented information (Working Memory), plan and organize their thoughts and 

behaviors (Plan/Organize), organize materials in order to complete a task (Organization of 

Materials), and regulate their emotions (Emotional Control) (all ps < .05). Patient scores also 

indicated significantly higher levels of executive dysfunction compared to their siblings on 

the Behavioral Regulation Index and Metacognition Index composite scores (ps < .05). To 

examine potential contributions of depressive symptoms, we conducted a MANCOVA on 

the two BRIEF-A composite scores adjusting for BSI-18 depression scores. Results showed 

that the differences between patients and siblings on the Metacognitive Index (F = 3.76, p = 

.057) and the Behavioral Regulation Index (F = 3.37, p = .07) were no longer significant. In 
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general, patients are reporting more perceived problems than their sibling counterparts in a 

few distinct areas of executive functioning that seem to relate, at least in part, to depressive 

symptoms.

Relationships between cognitive variables, PRO measures, and pain variables

There were no significant relationships between mean cognitive test scores and pain 

intensity scores among patients (ps > .05). However, higher pain intensity in the past week 

was related to more problems on the Initiate (r = .39, p < .05), Plan/Organize (r = .42, p < 

.05), and Organization of Materials (r = .46, p < .05) subscales of the BRIEF-A measure of 

executive functioning.

Relationship between cognitive test scores, PRO measures, and laboratory variables

For patients only, the relationships between laboratory values and cognitive and PRO scores 

were examined while covarying years of education (see Table 5). With respect to cognitive 

test variables, creatinine levels were negatively correlated with DKEFS Trails Switching 

scores (r = −.45, p < .05). Regarding the relationships between laboratory values and PRO 

scores, higher hemoglobin levels were correlated with higher scores (more problems) on the 

BRIEF Task Monitor subscale (r = .41, p < .05).

Discussion

To our knowledge, this is the first study to present a comprehensive description of 

neurocognitive variables among symptomatic adults with SCA. This type of comparison 

with siblings is important because it allows for better estimation of the disease impact on 

cognitive functioning, as the siblings essentially act as a control for early environment and 

genetics. Inclusion of these two features help to fill the literature gap in our understanding of 

how SCD affects cognitive functioning over the entire clinical spectrum of SCD patients.

While the adults with symptomatic SCD in our sample performed within normal limits 

and similar to their sibling donors on cognitive tests, they were significantly slower in the 

processing speed domain. This discrepancy is consistent with prior research (Vichinsky et 

al., 2010). In line with this, a recent study by Crawford and Jonassaint (2016) found that the 

differences in cognitive scores between adults with SCD and healthy controls were smaller 

after adjusting for processing speed. These collective results suggest that having anemia with 

SCD (with a mean hemoglobin level of 8.2 g/dL in the aforementioned Vichinsky study 

(2010) and 8.8 g/dL in our study) was the consistent factor across these investigations, and 

may be a large contributor to patients having slower processing speed.

Our methods differed from Vichinsky et al’s study in other respects. Importantly, Vichinsky 

and colleagues used unrelated but demographically matched community controls and none 

with sickle trait, whereas we evaluated unaffected siblings as controls and half of them had 

sickle trait. Our use of a sibling comparison group allows for more exertion of control over 

factors such as family environment, education, and socioeconomic status (White & DeBaun, 

1998). Finally, all patients in our study were either neurologically symptomatic and/or 

had multiple SCD-related complications (i.e., organ injuries), and several had a positive 
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psychiatric history. Race was different across studies as well, with almost half of our sample 

being African; all patients in the Vichinsky study were self-described as African-American.

The study by Vichinsky and colleagues (2010) is well-designed and provides an important, 

comprehensive picture of asymptomatic SCA, yet their stricter exclusion criteria resulted 

in a sample that was relatively healthy, neurologically intact, and psychologically stable; 

as such, their findings may not be widely representative, as suggested by Ballas (2010). 

However, as mentioned above, mean cognitive scores from our patient sample were 

comparable or higher, in general, despite our patients being more symptomatic. Reasons 

for this are unclear, but we speculate that this could relate to our referral pattern of higher 

functioning in individuals (and families) who come to the NIH for intensive research studies, 

even though they were physically sicker.

In addition to the difference in processing speed between patients and siblings in our 

study, more differences were noted on the PRO measure of executive functioning (BRIEF­

A). Patients perceived more problems in their ability to initiate tasks, plan and organize 

their thoughts and materials, employ working memory skills, and regulate their emotions 

compared to their siblings’ perceptions. None of these mean scores were in the clinically 

significant range, but the fact that they were endorsing significantly more problems than 

their siblings is noteworthy. It is important to note that the patient-sibling differences on 

the two BRIEF-A composite scores were no longer significant when considering depressive 

symptoms. However, given that the p values for these analyses approached significance at 

the .05 level, it is possible that with a larger sample those differences would have remained 

significant after covarying depression scores.

More endorsement of executive symptoms was related to recent pain experience; while this 

relationship in our study is correlational rather than causal, the suggestion that pain may 

interfere with optimal executive skills is plausible and has been borne out in other studies of 

clinical and experimentally-induced pain (Berryman et al., 2014; Bjekic, Zivanovic, Puric, 

Oosterman, & Filipovic, 2017; Murata et al., 2017). Also, these symptoms may interfere 

with patients’ abilities to perform their best at school or work and, as another recent 

study suggested, this relationship may account for low employment rates in this population 

(Laurence et al., 2006; Sanger et al., 2016). Given the generally intact cognitive functioning 

found in our patients and their siblings, perhaps patients have the intellectual potential to 

succeed in school and at work, but their pain and executive difficulties prevent them from 

reaching their potential in these realms.

While our use of unaffected siblings as a comparison group allows us to infer that 

the patients’ slower processing is related to disease processes, the specific physiological 

mechanism is unclear. For example, 27% of our patients had a history of an overt or silent 

stroke, but surprisingly there were no differences in cognitive test scores or questionnaire 

variables between those with and without a stroke history. Prior research has put forth 

evidence of a relationship between cytokine levels and executive function test scores in 

children with SCD (Andreotti, King, Macy, Compas, & DeBaun, 2015). Moreover, magnetic 

resonance imaging (MRI) studies have documented negative associations between children’s 

processing speed and the apparent diffusion coefficient (ADC; a measure of white matter 
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integrity) in the right frontal lobe and cerebellum in SCD (Scantlebury et al., 2011). Little is 

known about whether these relationships remain significant in adults with SCD, and this is 

an area for future research to address.

Laboratory values also have been implicated in cognitive processes among individuals with 

SCD, and results of the current study underscore the importance of these relationships and 

highlight new ones that warrant further exploration. First, our correlational results suggest 

that patients with higher fetal hemoglobin process information faster than those with lower 

fetal hemoglobin. Hydroxyurea may be the largest contributor to this relationship, as it is 

known to increase the production of fetal hemoglobin, a mechanism that could increase 

oxygenated blood to the brain (Lanzkron et al., 2008). Previous research has shown that 

children with SCD treated with hydroxyurea performed better on several cognitive tests 

than an untreated group, although processing speed was not measured independently (Puffer, 

Schatz, & Roberts, 2007). Other research has revealed poorer non-verbal reasoning skills 

among older patients with SCD with low hemoglobin levels (Vichinsky et al., 2010) and 

worse performance on verbal comprehension and attention measures in children with low 

hematocrit (Steen et al., 2003).

Next, our study found that higher levels of creatinine were correlated with lower verbal 

skills and lower executive functioning scores. These relationships have not been investigated 

previously among individuals with SCD, to our knowledge. In other populations, researchers 

have speculated that higher levels of creatinine reflected subtle organ injury or overall 

higher disease burden. Indeed, among adults with chronic kidney disease, a similar inverse 

relationship between creatinine and cognitive functions has been reported (Elias et al., 2009; 

Khatri et al., 2009). In a longitudinal study of community-dwelling adults, increasing levels 

of creatinine were related to more rapid decline on a test of verbal learning and memory 

(Seliger, Wendell, Waldstein, Ferrucci, & Zonderman, 2015). Moreover, higher creatinine 

has been associated with worse scores on a mini-mental status exam, both in a sample 

of elderly Caucasian adults (Rajagopalan et al., 2013) and in patients undergoing cardiac 

rehabilitation (Caminiti et al., 2012).

Treatment implications

Understanding the cognitive functioning of symptomatic adults with SCD has implications 

for not only the patients and their families but also for the medical practitioners and 

members of multidisciplinary treatment teams. First, psychologists have a primary role in 

assessing and educating patients about their cognitive strengths and weaknesses. Assessment 

findings and recommendations should be reviewed with the patient and key family members 

and be explained using “real world” examples of how their strengths and weaknesses 

may manifest in their daily lives. For example, to minimize the clinical impact of slower 

processing speed, individuals should minimize distractions while working, take notes during 

meetings or medical appointments, and be prepared to ask people to repeat things or 

slow down during conversations. To ensure patients’ comprehension of their treatment 

regimen, providers should consider giving handouts or weblinks, avoid the use of overly 

technical language, and document known cognitive deficits in patients’ records to ensure 

helpful interactions with all members of the care team. Psychoeducational sessions or 
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a brief skills-based intervention to address cognitive weaknesses could be integrated 

into the patient’s routine healthcare. These sessions also could incorporate information 

about obtaining appropriate educational or workplace accommodations. Additionally, brief 

cognitive screening should be implemented every 2 to 3 years, particularly in neurologically 

symptomatic patients, patients with symptoms of depression, or those with medication 

adherence concerns. This testing could have clinically significant implications for patients’ 

overall treatment adherence, educational or occupational functioning, and early detection of 

cognitive declines. Finally, referrals should be made to vocational rehabilitation programs as 

slow processing speed can impact employment opportunities (Gelb, Shapiro, & Thornton, 

2010; Strober, Chiaravalloti, Moore, & DeLuca, 2014). Individuals with SCD will benefit 

from the exploration of viable vocational alternatives, discussion of how their deficits may 

interfere with workplace functioning, and the provision of appropriate educational materials 

regarding federal and state legislation relevant to workplace accommodations.

Limitations and future directions

While this study is the first of its kind to examine symptomatic SCD patients’ cognitive 

functioning compared with matched sibling controls, results should be considered in the 

context of several limitations. Most notably, our small sample size may have limited 

our ability to detect more significant differences between the patients and their siblings, 

and relationships among cognitive scores and laboratory variables among the patients. 

Therefore, replication with a larger sample of symptomatic adults with SCD is needed. 

In addition, while the lower processing speed in our sample of patients likely has had 

real-world implications throughout their lives, certain factors make it difficult to pinpoint 

fully the clinical significance of our findings. Specifically, many of the patients on our 

study had come to our center for a stem cell transplant and had not been working full-time 

due to the impact of their disease on their daily physical functioning. An investigation 

focusing on the impact of cognitive functioning on variables like occupational attainment, 

employment stability, and work trajectories would help elucidate further the picture of 

clinical significance.

Our data is limited to cognitive, PRO, and several medical and laboratory values. We 

were not able to include several other variables that have been proposed as correlates of 

cognitive outcomes in sickle cell disease, such as vascular pathology, cytokine levels, and 

neuroimaging variables (Andreotti et al., 2015; Jorgensen et al., 2016; Scantlebury et al., 

2011). The research on these associations are nascent and an area for future investigation.

Finally, as mentioned previously, patients who come to the NIH for this time-intensive 

transplant study may be higher functioning than the general population of adults with 

symptomatic SCD, thus potentially narrowing the generalizability of the current study. 

Future studies should explore cognitive functioning to cytokine levels and neuroimaging 

variables among symptomatic adults with SCD. Further elucidation of the pathophysiology 

and the hematological processes in adults with SCD that relate to cognitive functioning 

may help to identify patients at highest risk for cognitive decline and to pinpoint targets for 

preventive interventions.

Martin et al. Page 10

Neuropsychol Rehabil. Author manuscript; available in PMC 2021 October 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions

Our use of unaffected siblings with sickle cell trait as a comparison group represents a 

substantial improvement over prior studies, and allows us to isolate the impact of SCD 

on cognitive functioning more confidently. In our sample of symptomatic adults with 

SCD prior to planned matched sibling donor stem cell transplant, cognitive functioning 

is largely intact. Processing speed is an area of relative weakness compared to healthy 

siblings, which suggests that slowed processing is a result of SCD, although the precise 

mechanism remains unclear. Further, the relationship between pain intensity and self­

reported executive functioning in our study points to the possibility that educational and 

employment limitations may stem from the interplay of these variables. Recognition of 

patients’ clinically significant cognitive difficulties and effective implementation of the 

strategies outlined above by the patient and family members in cooperation with the 

multidisciplinary treatment team will likely improve overall care and quality of life in the 

SCD population.
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Table 1.

Medical Diagnoses of the Patients (N = 30).

Medical Diagnosis n (%)

Overt stroke 2 (7)

Silent stroke 7 (23)

Transient ischemic attack 2 (7)

Hypertension 7 (23)

Pulmonary hypertension 5 (17)

Kidney disease 3 (10)

Liver disease 12 (40)

Iron overload (ferritin >1000 μg/L) 13 (43)

Avascular necrosis 11 (37)

Moya moya syndrome 0 (0)
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Table 2.

Mean Values and Differences in Laboratory Variables for Patients and Siblings (n=27 patient-sibling pairs).

Laboratory Variable Patients Siblings

Mean (SD) Mean (SD) t p 

Creatinine .69 (.41) .88 (.16) 2.39 .024

Hemoglobin 8.8 (1.4) 17.4 (22.3) 2.12 .043

Fetal Hemoglobin 10.4 (7.0) <1% 7.09 <.001

Alkaline Phosphotase 109.7 (65.4) 78.7 (23.7) 2.49 .019

ALT 42.7 (37.2) 43.4 (70.3) 0.04 .965

AST 43.2 (22.0) 27.2 (28.9) 2.21 .035

LDH 392.1 (151.7) 190.3 (57.5) 6.11 <.001

ALT = alanine aminotransferase. AST = aspartate aminotransferase. LDH = lactic acid dehydrogenase.
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Table 3.

Mean Cognitive Scores of Patients and Siblings (N = 30 pairs).

Test / Index Domain Patients Siblings

Mean (SD) Mean (SD) t p 

Performance IQ Visual-spatial skills 103.4 (14.4) 102.2 (12.6) .60 .55

Processing Speed Index Processing Speed 91.0 (11.3) 100.6 (12.3) −3.5 .002

Digit Span Backward Working memory 10.9 (3.6) 10.7 (3.1) .30 .77

DKEFS Trails Switching Executive functioning 8.7 (3.2) 9.1 (3.2) −.46 .65

DKEFS = Delis Kaplan Executive Function System.
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Table 4.

Differences between Patients and Siblings on the BRIEF-A Self-report (N = 30 pairs).

BRIEF Subscale / Index Patients Siblings

Mean (SD) Mean (SD) t p 

Inhibit 51.0 (9.7) 44.5 (8.2) 2.6 .014

Shift 52.4 (11.9) 48.4 (9.3) 1.5 .14

Emotional Control 50.8 (10.9) 44.4 (8.4) 2.2 .04

Self-Monitor 47.8 (9.3) 42.6 (7.9) 2.0 .055

Initiate 57.1 (12.8) 48.0 (8.9) 3.0 .006

Working Memory 56.7 (12.5) 48.5 (8.8) 2.6 .014

Plan/Organize 51.2 (13.2) 46.4 (8.1) 2.3 .027

Task Monitor 51.5 (9.4) 48.1 (9.7) 1.2 .23

Organization of Materials 50.2 (11.4) 44.3 (7.2) 2.3 .028

Behavioral Regulation Index* 50.8 (10.5) 43.9 (8.6) 2.4 .02

Metacognition Index* 54.7 (11.6) 46.6 (8.9) 2.8 .009

Global Executive Composite 52.9 (11.3) 44.9 (9.2) 2.6 .015

BRIEF-A = Behavior Rating Index of Executive Functions, Adult Version.

*
ANCOVA results controlling for effects of BSI-18 depression scores revealed no significant differences between the groups on the Behavioral 

Regulation Index or Metacognition Index.
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Table 5.

Correlations between lab values and cognitive variables among patients.

Creatinine Alkaline Phosphatase Hemoglobin Fetal Hemoglobin

Performance IQ −.13 .17 .23 −.23

Processing Speed Index −.10 .25 .14 −.30

Digits Backward −.15 −.11 .18 .10

DKEFS Trails Switching −.45* −.24 .05 −.25

*
p<.05

**
p<.01

DKEFS = Delis Kaplan Executive Function System.
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